The objectives to be pursued by our studies are to assess some effects made by experimental actions of ultra-low frequencies electromagnetic field (ULF EMF) in combination with the SCENAR therapy on morphological changes in lung tissues and the regulation structures considering tumor growth dynamics.
Introduction
The pathogenetic mechanisms of progression of a tumor disease are determined by the possibility of co ordination and integration of resetting of homeosta sis in a tumorbearing organism which is governed by the central regulation of the processes at the organ, cell and moleculerelated levels [1, 2] . Therefore, de signing therapy strategies based on these assumptions is most promising in applied oncology. A biological groundwork for the phenomenon of high sensitivity of an organism to lowintensity fac tors of electromagnetic and electrical nature is that their deficient influence intensity is compensated by gaining a signal character by them; in doing so, a recoding of the information carrier takes place at the level of the neurohumoral mechanisms [3, 4] . Much evidence in reference literature shows that there is an antitumor effect detectable that is made by electro magnetic influences applied in experimental studies, along with their use for complex therapy in oncology treatment practice [5] [6] [7] [8] . So, some research work has demonstrated that the effects produced by ULF EMF on the central structures in the brain in the postsur gery period in lung cancer patients contribute to a reduction in the complication occurrence and to a re liably established prolongation of the 3year survival span [9] . In this case, we observe normalization of the regulatory function of the hypophysis and the epy physis that is supported by indicators of the hormonal activity of the thyroid glands and the androgenic areas in the adrenal glands and gonads.
Applications of ULF EMF in complex treatment of colorectal cancer patients have made it possible to considerably improve the twoyear survival rates af ter radical surgery and prolong an average life span in cases of palliative surgical interventions for localized tumor processes [10] .
Use of the adjuvant chemotherapy supported by ULF EMF focusing on the brain for treatment of malignant glial tumors in our practice allowed us to obtain an immediate clinical effect for 93,3 % of the patients, re liably establish the two year recurrencefree survival rate and minimize symptoms of neurological toxicity in them [11] .
Previously we mentioned that we had revealed the role of a change in the hormonal homeostasis indica tors of the lungs and the hypophysis in the dynamics of progression of inoculated malignant tumor in the lungs, along with the morphological correlates of de velopment of the experimental tumor in the lung tis sue [12, 13] . The pathogenetic significance of the said factors may be confirmed by a pronounced efficacy due to their antitumor effect potentiality.
In this context, it should be stated that the aim of our offered research work was to assess effects produced by experimental ultralow frequency magnetic fields in combination with the SCENAR therapy, considering morphofunctional changes in the lung tissue and in the regulatory structures in the tumor growth dynamics.
Materials and methods
In sets of our experiments used were 156 male albino rats of outbred strains. Malignant tumors developed in the animals after they had been given a single in travenous injection of sarcoma 45 cells into their sub clavian veins. Taking into account the tumor growth dynamics (upon expiration of 1, 3, 5 and 45 weeks from inoculation), we examined the morphofunc tional changes in the lung tissue. With the use of the method of an immunoferment analysis we quantified progesterone, testosterone, estradiol and prolactin in the lung tissue as well as gonadotropins: luteinizing and follicle stimulating hormones (LSH and FSH, re spectively) plus prolactin in the hypophysis tissue.
All animals were divided into two groups as follows: Group 1 (the reference group, n = 54) showing tumor growth without any influences or exposures applied; Group 2 (the test group, n = 102) to cover the rodents exposed to ULF EMF in combination with SCENAR. The experimental therapy was carried out by ULF EMF acting on the brain (with the use of device Gra dient2 manufactured by R&D Company PULSE at AllRussia Research Institution GRADIENT, Rostov onDon, Russia), in a discrete sequence of frequencies 0,03 Hz -0,3 Hz -9 Hz with the a signalrelated ex posure of 5 minutes -1 minute -1 minute, respec tively, and at an intensity of 5 mT -3,5 mT -2,8 mT, respectively, the values of which were decreased ex ponentially by a factor of 0,7. Upon expiration of 15 20 minutes after completion of each magnetotherapy session, the skin areas in the projection of the lungs and the sternum were treated with a pulse electric current supplied by the SCENAR equipment (manu factured by ClosedEnd Joint Stock Company "R&D Department RHYTHM", Taganrog, Russia) produc ing varying frequencies from 15,3 Hz to 33,6 Hz. Both treatment actions were started in 1 week after the S 45 tumor inoculation into the lungs, and all treatment sessions, performed usually at 9 or 10 am., covered 5 weeks (4 times a week)
All manipulations in animals in experimentation, including sacrifice procedures, were in accordance with applicable rules, guidelines and regulations pre scribed by European Convention for the Protection of Vertebrate Animals used for Experimental and Other Scientific Purposes, Strasbourg, 18.III.1986. Statistics data were processed with the use of our original Soft ware Statistica 10.0 with performing Student's ttest (р < 0,05).
Results
The results of our analysis show that the applied in fluence has led to a reliably established prolongation of a life span in the animals affected by the growing malignant tumor in the lung (see Table 1 herein). The animals within the applied therapy test group, belong ing to the cohort with a favorable effect, demonstrated a life span 9 times longer than that recorded in the ref erence group and 3 times longer than that found in a part of the reference group showing no therapy effect.
Differences between the reference group and the individual subgroups within the experimental test group were also detected in the sizes, the number of the regional nodes involved and timing of the node detectability. We found that the detectable involve ment of the regional nodes in 33,3 % of the animals in the test group took place 2-3 weeks later as compared to the time in question in the rodents in the reference group. It should be mentioned that the tumoraffected nodes in the majority of the test group animals could not be visually identified over the course of the entire experiment. When carrying out morphological examinations of the lung tissue upon expiration of 1 week from the time of inoculation with Sarcoma 45, i.e. prior to the therapy action (the ULF EMF and SCENAR therapy), it was found that the primary alterations in the tissue in the upper and bottom lobes in the right and left lungs are the same as it was the case with the micropicture identified in the animals in the reference group. A first triggering mechanism of a pathologic influence exerted by tumor cells on the lung tissue might be a reduced blood flow rate and ample largefocal hem orrhages. Actually, we observed that the entire tissue of the lung was completely soaked with blood, and the interalveolar spaces were filled with a large body of erythrocytes and lymphocyte clusters (see Figure 1 herein). As a result, due to such "an invasion attack" some largefocal dystelectasis areas, interstitial pneu monia and microabscess areas in alveolar spaces were made evident.
In week 2 upon inoculation with the tumor cells (the beginning of the ULF EMF and SCENAR treatment), in the upper and bottom lobes observed was a degrada tion of the bronchiol and alveolar structures not only due to largescale blood cell aggregations, but mainly due to an egress of tumor cells, leaving the blood ves sels, and their growing as thin prolonged filamentous extensions (see Figure 1b herein). Formation of large tumor cell clusters took place, which demonstrated a curved boundary line separating them from the blood soaked lung tissue (see Figure 1c herein). Formation of a tumor node was characterized by a compression and destruction of the lung tissue structures, closely packed tumor cells, which retained the typical S45 spindle shape and maintained their high proliferative potential that was evidenced by abundant pathological mitotic figures (see Figure 1d given herein). The morphological evidence for the fact that the true tumor process was in progress in the lungs in the rats came from the successive shorttime going of the tu mor cells spread by way of the blood hematogenous route to formation of tumor cell populations in the form of thin extensions and, finally, in the form of a completely formed tumor node. When continuing the experimental treatment, as designed by us, we observed some destructive alter ations in the tumor node structures in the lungs. Start ing with week 3 upon the inoculation with S45, we observed the mobilization of the immune system at the cellular level and formation of a condensed cir cumferential structure made by matured lymphocytes along the periphery of the tumor node (see words, one of the primary markers of the control in fluence made on the malignant tumor localized with in an organ should be a disruption of the territorial integrity of the tumor accompanied by formation of some micropopulations making clusters as a sort of syncytial tissues (see Figure 2b herein ).
In the lung tumor tissue, there were sizable areas of individual or small groups of tumor cells identified, which were separated by some activated cells of con nective tissue with a predominance of lymphocytes and fibroblasts, which attained various configurations: from a prolonged to a round one (see Figure 2c here in). We noted nuclear chromatin clumps in some in dividual areas within the clusters of bare hyperchro mated nuclei (see Figure 2d) . The cells were turned to ghosttype structures with retaining their unclearcut profiles of the melt cytoplasm (see Figure 2e herein). In weeks 5-6 we were able to identify some amor phous, optically homogenous, areas produced from materials due to lysing of the tumor malignant cells as well as due to growing of the new connective tissue within the lung tissue in the rats, who demonstrated a pronounced antitumor effect.
Under microscopic examination, identified were some individual groups of the tumor cells with signs of loss of the malignant character as follows: loss of predominance of the typical spindleshaping and at taining a more round contour profile, with ordering the cells to form singlelayer structures of linear or folliculartype design (please, refer to Figure 3a , b herein). An intensification of the processes of cell regenera tion was noted in the lung tissue with a marked an titumor effect. The cellular sources of these processes were fibroblasts, alveolocytes of type II, macrophages, and endotheliocytes of blood capillaries. In our field of vision we detected sizable areas filled with fibroblasts (see Figure 3c herein ). In addition, we identified ac cumulations of alveolocytes of type II (pneumocytes of the IInd order) representing an intensively secrete releasing, epithelial, and proliferating surface cell, the main component of which is dipalmitoylphosphati dylcholine (see Figure 3d herein). The condition of some connectivetissue related el ements like macrophages, mast cells, elastic, collagen and reticular fibers, suggested that some protection and compensation processes were being formed in the rat lungs affected by the tumor, under the effective treatment with ULF EMF and SCENAR. When examining our specimens, we detected some times elastic structures of peri and interlobular, in tervascular, perivasal and peribronchial localization. The fibers demonstrated a layered order and exhib ited their clearcut excessive curvature pattern (see Figure 4a herein ). An increase in the content of the reticular fibers indicated that metabolism processes in the lungs were intensified. Under a relative stabiliza tion of the lung condition, the relationship among the fiber types was maintained due to an increase in the number of the collagen fibers referred to the elastic and reticular ones. The stroma tissue was formed by fibers grouped into bundles due to the lateral aggregation at the bronchi olar structures (see Figure 4b) . Following the run of the fibers, we observed some isthmi and flaskshaped protrusions: they were the false bronchi surrounded by accumulations of the bronchiassociated lymphoid elements (see Figure 4c ). In the bronchi of the rat lung, there ciliated epithelium lined with the smooth muscle fibers forming the typical sublayer, basal cells layer and cylindrical epithelium (see Figure 4d ) was retained. An examination of the level of steroid hormones and prolactin concentrations demonstrated pronounced dependence of these parameters on the effectiveness of the experimental therapy as well as on the tumor growth time (see Table 2 herein).
Upon expiration of 3 weeks from the time of tumor inoculation, the prolactin concentration in the lungs in the rats without effect upon completed combined electromagnetic treatment showed no statistically sig nificant difference from the same parameter, record ed for the reference group, and exceeded the normal values by 40 %. At the same time, while the prolactin level in the tissues of the lungs of the animals demon strating an effect upon the experimental antitumor therapy was higher than the normal values by 28 %, it remained by 28,2 % lower than that determined in the lung tissues in the reference group rats. During the said test period, there was no significant difference in the levels of testosterone and estradiol concentrations in the lung tissue in the rats of the "noeffect" group from those in the reference group identified, and the said parameters were reduced by 57 % and 32.6 %, respectively, as compared to the normal values. We Let us analyze the concentrations of progesterone in the two groups upon expiration of 3 weeks from the date of inoculation. In the lung tissue in rats, demon strating the experimental therapy effect, the said pa rameter increased practically by 33 % referred to the values recorded in the intact animals and exceeded the same value identified in the reference group by a factor of 4,2. The progesterone concentration in the lung tissue in the "noeffect" group rats decreased by a factor of 1,9 referred to the normal values, but it remained by 62,9 % higher than that recorded in the reference group rodents.
The concentrations of prolactin and estradiol in the animals, demonstrated a favorable response to the an titumor treatment, within 5 weeks upon the inocula tion, remained unchanged as compared to the previ ous test period, and the concentrations of testosterone and progesterone were reduced by a factor of 1,9 and by a factor of 1,8, respectively. As to the lung tissue in the "noeffect" group rats, it was the concentration of progesterone only, which changed as compared to the period examined before: it decreased by a factor of 1,9. It should be noted that in the period 5 weeks upon the inoculation with the tumor, the differenc es in the parameters under examination between the "effectdemonstrating" group rats and those in the "noeffect" group referred to the concentration levels of prolactin and progesterone only, whereas the con centrations of testosterone and estradiol identified in the lung tissue in either group were at the same levels. Notes: 1 -statistically significant in relation to the background data (р<0,01); 2 -statistically significant in relation to the reference group data (р<0,01); 3 -statistically significant in relation to the data of the previous period of experiment (р<0,01); 4 -statistically significant in relation to the data of the "effect-demonstrating" group (р<0,01). Notes: 1 -statistically significant in relation to the background data (р<0,01); 2 -statistically significant in relation to the reference group data (р<0,01); 3 -statistically significant in relation to the data of the previous period of experiment (р<0,01); 4 -statistically significant in relation to the data of the "effect-demonstrating" group (р<0,01).
Another intriguing fact was that we observed some alterations in the hypophysis in rats upon inoculation of a malignant tumor into the lung under the experi mental therapy (see Table 3 herein).
So, upon expiration of 3 weeks after the tumor inoc ulation, the concentration level of prolactin in the hy pophysis in rats, demonstrated a favorable response to the antitumor treatment, increased by 32,4 % as com pared to the same parameter in the intact animals, and in the reference group it was recorded to be more than doubled. A statistically significant change in the LH concentration within the indicated period of time was not detected, whereas it exceeded the normal values by 73,7 % in the reference group. The concentration level of FSH in the hypophysis in the "effectdemon strating" group rats, recorded 3 weeks after the inoc ulation, lowered by 19,3 % as against 64,6 % in the reference group animals. Upon expiration of 5 weeks after the inoculation, it was established that it was the concentration of FSH in the hypophysis in the "ef fectdemonstrating" group rats upon completion of the antitumor experimental therapy that changed: it was by 46 % lower than that found in the previous pe riod; but at the same time, the value remained higher by a factor of 2,6 as compared to that in the reference group. The animals in the "noeffect" group demonstrated the concentrations of prolactin, LH and FSH inter mediate between the values recorded in the reference group and those in the group with a pronounced an titumor effect.
Conclusions
The proposed combined application of the exper imental therapy based on the central and local elec tromagnetic action has exerted an effect on both of the constituents of homeostasis: the hypophysis and the tumoraffected lung tissue. It is likely that this has created such conditions of the hormonal "environ ment", when and where the tumor has not been able to grow and has experienced a structural involution. Under the histological examinations of the prepared samples, taken from the regressing tumor in the lung upon completion of the treatment, the fact has been noticed that a number of the tumor cells terminate proliferation and acquire a differentiated state. The mechanism of this transformation remains unclear, but it is known that in order to induce differentiation it is required to provide a prespecified normal hor monal status. When compared the prolactin concen tration level in the tumoraffected lungs in the rats of the "effectdemonstrating" group to that in the "noef fect" group, it is easy to note the normalization thereof in the first case considered and an essential increase in the level in the second case.
It is probably that the action adequate in its inten sity and frequency, applied to the projection of the hypophysis, is capable of providing the stable char acter of its command issuing system responsible for the regulation of the level of prolactin and sexrelated hormone concentrations, and the local treatment with SCENAR facilitates retarding of pathological stimula tion of hormones in the tissuerelated homeostasis. The central action produced by ULF EMF is a trig ger of the neurohumoral regulation with increasing of the general and local antistress potential and the associated level of the organism resistance that pro motes the temporal manifestation of the anticancer effect, and in combination with the SCENAR therapy it provides the compensatoryadaptational resetting of the respiratory system and prolongation of a life span in general.
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